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We report a case of Pasteurella multocida meningitis in a 1-month-old baby exposed to close contact with two
dogs and a cat but without any known history of injury by these animals. 16S rRNA gene sequencing of the
isolate from the baby allowed identification at the subspecies level and pointed to the cat as a possible source
of infection. Molecular typing of Pasteurella isolates from the animals, from the baby, and from unrelated animals
clearly confirmed that the cat harbored the same P. multocida subsp. septica strain on its tonsils as the one isolated
from the cerebrospinal fluid of the baby. This case stresses the necessity of informing susceptible hosts at risk of
contracting zoonotic agents about some basic hygiene rules when keeping pets. In addition, this study illustrates the
usefulness of molecular methods for identification and epidemiological tracing of Pasteurella isolates.
A previously healthy 1-month-old baby from a rural area of
Switzerland was admitted to the pediatric ward of the local
hospital in the winter of 1998 to 1999. The baby presented with
an irritable state, a temperature of 39°C, and signs of slightly
increased intracranial pressure. A lumbar puncture was per-
formed, and the cerebrospinal fluid (CSF) was positive for
numerous polymorphonuclear leukocytes and small gram-neg-
ative bacilli. After 24 h of incubation, a small, catalase-positive,
oxidase-positive and indole-positive gram-negative coccobacil-
lus grew on sheep blood and chocolate agar plates, as well as
in thioglycolate enrichment broth. Formal identification of
Pasteurella multocida was achieved using the API 20NE system
(bioMe´rieux, Marcy-l’Etoile, France). The organism was sus-
ceptible to all tested beta-lactam antibiotics. The patient was
successfully treated with ceftriaxone (400 mg/day) for 2 weeks,
until complete recovery. An inquiry revealed that the baby had
no brother or sister but had been in close contact with two dogs
and possibly a cat through a misguided attempt by the parents
to promote bonding between the baby and the family’s pets.
This suggested a probable animal source of infection.
Shortly after the identification of the incriminated pathogen,
swab samples were taken from the throats and tonsils of the
parents, of the two dogs, and of the cat which had been in
contact with the baby. Swabs from the parents were cultured
on 5% sheep blood agar, on chocolate agar, and on MacCon-
key agar, in the same way as the CSF sample of the baby.
Cultures of the samples from the dogs and from the cat were
made on 5% sheep blood agar plates in a 5% CO2 atmosphere
and on MacConkey agar plates. Phenotypic species identifica-
tion of oxidase- and catalase-positive gram-negative bacilli was
made on the basis of the following tests: motility; glucose
metabolism (oxidative-fermentative); production of indole,
urease, lysine decarboxylase, and ornithine decarboxylase; pro-
duction of acid from glucose, lactose, salicin, trehalose, sorbi-
tol, and mannitol; and production of gas from glucose and
mannitol. Reaction mixtures were incubated for 5 days before
definitive reading, but no change was observed later than after
the first overnight incubation. Phenotypic identification of Pas-
teurellaceae from clinical material is occasionally unprecise,
leading to improper species designation (5) or making identi-
fication at the species and subspecies levels impossible (17).
We therefore routinely confirm identification of Pasteurella
isolates by comparison of the 16S rRNA gene sequence with a
reference database of sequences. This allows more precise and
generally unambiguous species identification at the genotype
level. The database contains more than 6,000 16S rRNA gene
sequences from type strains, reference strains, and clinical iso-
lates with a strong emphasis on the Pasteurellaceae family. The
database contains, among others, 16S rRNA gene sequences of
the type strains and of 40 representative clinical isolates of the
three P. multocida subspecies and shows that P. multocida
subsp. septica can clearly be distinguished by a 2% sequence
divergence from the two other P. multocida subspecies multo-
cida and gallicida (P. Kuhnert, unpublished data). 16S rRNA
gene sequencing was done as previously described (15), and
comparison to our reference 16S rRNA gene sequence data-
base was done using BLAST (1). Nine additional P. multocida
isolates originating from eight unrelated cats and belonging to
the same 16S rRNA gene cluster as P. multocida subsp. septica
type strain CCUG 17977T (Culture Collection of the Univer-
sity of Go¨teborg; identical to NCTC 11995) were used for
comparison. Less than 0.3% 16S rRNA gene sequence varia-
tion was observed within this cluster.
No Pasteurella organisms could be detected and isolated
from the cultures made with the samples taken from the par-
ents. However, a Pasteurella strain was isolated from the tonsils
of the cat which had been in contact with the baby. This isolate
had the same P. multocida biochemical profile as the isolate
from the CSF of the baby (typical profile for P. multocida,
trehalose-negative and sorbitol-positive reactions). 16S rRNA
gene sequencing and comparison with our reference database
led to the unambiguous identification of these two isolates as
P. multocida subsp. septica (100% identity with the P. multo-
cida subsp. septica type strain, 0.28% divergence from the less
closely related P. multocida subsp. septica isolate of our data-
base, and 1.85% divergence from the most closely related
isolate of the two other P. multocida subspecies). A second
isolate from the cat (oral cavity) showed a biochemical profile
compatible with an unidentifiable Pasteurella species. This lat-
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ter profile was identical to the profile obtained with an isolate
from one of the dogs which had also been in contact with the
baby. Another isolate from the second dog which had contacts
with the baby also had a biochemical profile compatible with
an unidentifiable Pasteurella species (data not shown). 16S
rRNA gene sequencing did not allow further identification of
the latter three isolates to the species level but confirmed their
affiliation with the Haemophilus-Pasteurella-Actinobacillus clus-
ter and clearly distinguished them from the baby’s isolate (6%
or more sequence divergence compared to the P. multocida
subsp. septica isolate from the baby and to the Pasteurella
multocida subsp. septica cluster in general).
The P. multocida subsp. septica isolates were typed by ri-
botyping and macrorestriction analysis. Ribotyping was per-
formed as described elsewhere (8). Briefly, DNA was extracted
using guanidium thiocyanate (20) and digested with the restric-
tion enzymes HindIII and EcoRI following the manufacturer’s
(Roche Diagnostics, Rotkreuz, Switzerland) instructions. The
resulting fragments were separated by agarose gel electro-
phoresis and transferred by vacuum blotting on positively
charged nylon membranes (Roche Diagnostics). A digoxige-
nin-labeled probe specific for 16S rRNA genes was prepared
by PCR and used for hybridizations, and the hybridization
patterns were revealed using the digoxigenin luminescence kit
(Roche Diagnostics). For macrorestriction analysis, bacteria
were grown on sheep blood agar plates and resuspended in TE
(10 mM Tris, 1 mM EDTA, pH 8.0) to a final optical density
at 600 nm of 4.0. The suspensions were mixed with an equal
volume of melted 1.2% SeaKem Gold agarose (FMC, Rock-
land, Maine), and 1-mm-thick plugs were prepared. The plugs
were incubated overnight at 50°C in 0.5 M EDTA–1% lauroyl-
sarcosine containing 2 mg of proteinase K per ml and washed
five times for 45 min each time in TE. The DNA was subse-
quently digested for 4 h with 30 U of SalI or SmaI under
conditions described by the manufacturer (Roche Diagnos-
tics). The resulting DNA fragments were separated with a
CHEF III electrophoresis system (Bio-Rad, Hercules, Calif.)
in 1% SeaKem Gold agarose gels (FMC) for 16 h in 0.5 3
Tris-borate-EDTA at 14°C by applying an electric field of 6
V/cm with an angle of 120°C and a linear ramping ranging of
1.5 to 17 s. Gels were stained in 1 mg of ethidium bromide per
ml and destained in water before photography under UV light.
Results of ribotyping and macrorestriction analysis are sum-
marized in Table 1. Only three very similar ribotypes could be
distinguished when using the restriction enzyme HindIII, with
nine isolates belonging to a single type (Table 1). These three
ribotypes were clearly different from those recently described
for P. multocida subsp. multocida (9), thus confirming their
identification as P. multocida subsp. septica. EcoRI was more
discriminatory (Table 1), but the profiles obtained with this
enzyme remained relatively similar and were difficult to read
because of the presence of variable bands in the high-molec-
ular-weight range (data not shown). The isolates from the baby
and from the cat had identical ribotypes with both restriction
enzymes. Macrorestriction profiles were easy to read and al-
lowed us to distinguish all of the P. multocida subsp. septica
isolates from one another, except those from the baby and the
contact cat, which remained identical (Fig. 1).
Cattle, pigs, and poultry have been incriminated in the past
as the major sources of human infections with zoonotic agents.
However, humans have very frequent and close contacts with
pets, an often forgotten source of zoonoses. In the particular
case of Pasteurella infections, animal bites and scratches are
the major sources of infection for humans (11). P. multocida
subsp. multocida represents the majority of Pasteurella isolates
from these cases, followed by a smaller proproportion of P.
canis and P. multocida subsp. septica (12). P. multocida subsp.
multocida has been previously associated with dogs, and P.
multocida subsp. septica has been associated with cats (4).
Analysis of our sequence database also confirms the strong
association of clinical isolates of the P. multocida subsp. septica
16S rRNA gene cluster with cats (data not shown), including
isolates with atypical biochemical profiles (one ornithine de-
carboxylase-negative isolate and several isolates with variable
reactions for trehalose and sorbitol). Especially the subspecies
may be difficult to identify using conventional phenotypic test-
ing. In contrast, the identification of P. multocida subsp. septica
by 16S rRNA gene sequencing at the subspecies level was
unequivocal for the CSF isolate of the baby and therefore
pointed to the cat as the origin of the infection. This hypothesis
was also supported by previous reports of transmission of P.
multocida subsp. septica between cats and babies (2, 18). As in
the present case, a significant proproportion of P. multocida
infections in humans are associated with animal exposure with-
out any injury (3, 10, 13, 16, 19). Moreover, some systemic
infections can even not be associated with any animal exposure
at all (7, 16). In such cases, only the comparison of environ-
mental and clinical isolates with discriminatory and reproduc-
ible typing methods is able to demonstrate any link between a
potential source of infection and a particular clinical case.
Molecular typing methods like restriction enzyme analysis (16,
23), random amplification of polymorphic DNA (20), ribotyp-
ing (2, 9), and macrorestriction analysis (6, 14, 22) have been
used for typing of members of the genus Pasteurella and have
been shown to be good tools for epidemiological tracing. In the
present case, the molecular analysis of the isolates demon-
strated the identity of the P. multocida subsp. septica strains
from the cat and the baby. The analysis of additional, unrelated
P. multocida subsp. septica isolates demonstrated the high dis-
criminatory power of ribotyping and particularly of macro-
restriction analysis for this Pasteurella subspecies and con-
firmed that the identity of the profiles for the cat and human
isolates was not fortuitous. Inhalation or licking and oral trans-
mission has been suggested by others as a possible infection
route for those patients without injury (7, 12) and is likely to
have occurred in the present case. A particular tropism of P.
multocida subsp. septica for the central nervous system has
been suggested by others (4), which fits our particular case.
To our knowledge, this is the first report of a P. multocida
TABLE 1. Ribotypes and macrorestriction profiles obtained with 11
P. multocida subsp. septica isolatesa
Isolate
Ribotyping analysis Macrorestrictionanalysis
HindIII EcoRI SalI SmaI
D25/99b 1 1 1 1
D129/99b 2 2 2 2
D138/99b 1 3 3 3
D167/99b 3 4 4 4
D496/99b 1 5 5 5
D514/99b 1 6 6 6
D755/99b 1 7 7 7
D777a/99b 1 8 8 8
D777b/99b 1 9 9 9
D590/99c 1 10 10 10
D708/99d 1 10 10 10
a The numbers in columns 2 to 5 represent random numbering of the profiles
obtained by ribotyping and macrorestriction analysis.
b One of nine P. multocida subsp. septica isolates from eight epidemiologically
unrelated cats.
c P. multocida subsp. septica isolate from the baby.
d P. multocida subsp. septica isolate from the contact cat.
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subsp. septica meningitis in which the organism was transmit-
ted without any injury from a cat to a baby to be clearly
documented by genotypic and molecular epidemiological
methods. The baby had been massively exposed to the dogs by
licking but less clearly to the cat, and only the use of molecular
identification and typing methods unequivocally led to the
discovery of the unexpected association between the cat and
the baby. Finally, the present case stresses the danger of casual
contact between humans and pets. In view of the very frequent
contacts between pets and humans (10) and the low number of
reported P. multocida infections, the risk of transmission of this
zoonotic agent from domestic animals to humans is probably
very low. However, some basic rules of hygiene should be
respected when immunocompromised patients, small children,
and the elderly come into contact with pets (7, 16). Predis-
posed persons may have to be made aware of these precau-
tions. Since the limited phenotypic identification tests applica-
ble in a routine diagnostic laboratory would have misidentified
several of the P. multocida subsp. septica isolates used in this
study, the present work exemplifies the need for molecular
identification methods for taxa such as members of the family
Pasteurellaceae. Finally, our results also clearly illustrate the
potentials of pulsed-field gel electrophoresis for epidemiolog-
ical tracing of the occurrence of P. multocida infections in
humans.
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FIG. 1. Macrorestriction analysis of P. multocida subsp. septica isolates. (A)
Macrorestriction profiles of Pasteurella isolates obtained after digestion with
SalI. Lanes: 1 to 9, P. multocida subsp. septica isolates from unrelated cats; 10 and
11, P. multocida subsp. septica isolates from the baby and from the contact cat,
respectively. (B) Macrorestriction profiles of Pasteurella isolates obtained after
digestion with SmaI. Isolates are in the same order as in panel A. The DNA in
lane 1, isolate remained uncut because of methylation.
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